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FOREWORD

This research and development effort was conducted in support of Navy decision
coordinating paper Z1186-PN (Fleet Demand for Support Manpower), subproject Z1186-
PN.06 (Forecasting Long-range Manpower Requirements), and was sponsored by the
Deputy Chief of Naval Operations (Manpower, Personnel, and Training) (DCNO(MPT)).
The objective of this subproject is to develop long-range, aggregate manpower planning
models to forecast Navy requirements for officer, enlisted, and civilian manpower.

This report is the second in a series relating to forecasting long-range aggregate
support manpower requirements. The first (NPRDC TR 82-29) documented the develop-
ment of manpower estimating equations for two types of base operating support (BOS)
activities--naval stations and naval air stations. This report contains the results of an
effort to derive equations for forecasting BOS manpower requirements for the Navy's
training establishment. In addition to the technical considerations leading to the final
model specifications, a detailed description of the data collection and preparation effort
is included.

The BOS-training manpower forecasting model has potential application at the
claimant and CNO programming levels. Currently, it can be used by DCNO(MPT),
Programming Development and Coordination Branch (OP-120), and the Chief of Naval
Education and Training to evaluate Navy BOS manpower required to support projected
student workload.

J. W. RENARD JAMES W. TWEEDDALE
Commanding Officer Technical Director
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SUMMARY
Problem

The Navy does not have an established analytic procedure for estimating total base
operating support (BOS) manpower required to support training programs., This weakness
has contributed to budget cuts to Navy BOS programs that, in turn, could degrade the
naval training establishment's capability to support the missions of the fleet.

Objective

The goal of this effort was to develop an analytic model containing specific
estimating equations that relate Navy BOS-training manpower requirements to aggregate
indicators of training workload. The analysis placed special emphasis on the impact of
changing student loads upon BOS manpower requirements.

Approach

Data were collected on historic BOS-training manpower, student workload, facility
size and age, and tenant population. These data were assembled into a data base
organized by geographic location for 4 years--FYs 78-8]. (Sefore FY78, the Navy's
accounting system did not separate BOS resources from mission resources.) Sources for
other data were identified, evaluated, and matched to the historic BOS-training manpower
data (i.e., student workload, facility size/age, tenant population). These data were then
analyzed using multiple regression and exploratory data analysis techniques, with em-
phasis on deriving relationships that were both conceptually sound and statistically valid.

Results

Based on the 4-year profile of BOS-training manpower and workload indicators for
training installations, it was found that total BOS-training manpower was not related to
facility size, tenant, and student workload data. A suitable model was formed only after -
separating total BOS-training manpower into two components--one for real property
maintenance (related to facility size) and one for other base services (related to student
workload and, for naval air training stations, tenant population). This two-part model is
plausible in that it clearly separates the generally constant manpower required to
maintain a base of a given size from the BOS requirements generated by the primary base
mission. ‘
Conclusions

BOS manpower that supports training is driven by the workload imposed by the
presence of students and other shore tenants. The fact that thls relationship has been
quantified should provide Navy manpower planners with a basis for justifying their
requests for BOS-training resources.

Recommendations

The model should be implemented In an interactive computing énvironment to allow
"hands-on" access by Navy planners. Some future work may be required in relating a
portlon of the tenant population (instructors, techniclans, and other providers of direct
training support) to student workload. A more ambltlous challenge would be to link these
results to exlsting Navy factors that relate student workload to future fleet requirements.
This would allow BOS-training manpower requirements to be tled to planned force levels.

vil
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INTRODUCTION
Problem

The problem of forecasting the manpower resources required to support planned force
levels has received increasing visibility throughout the Navy's planning and programming
organizations. The problem is heightened with the movement toward a 600 ship/15 battle
group navy. The emphasis on procurement for new ships, aircraft, and weapon systems, in
conjunction with the President's otherwise austere budget policies, has led to a reduction
in resources allocated to support programs., Paradoxically, these reductions have occurred
at the same time when the forces to be supported are on an increase and their readiness is
being criticized. Many Navy planners feel that these reductions have occurred because of
the inability to quantify, during the planning and programming phases of the Planning,
Programming, and Budgeting System (PPBS) cycle, the relationship between the projected
size of the fleet and fleet support requirements.

There is a definite need for improved analytical methods, models, and data bases to
support long-range planning. The models must be able to identify specifically the
relationship between support manpower requirements and the force levels being sup-
ported. Forecasting base operating support (BOS) manpower requirements has been
especially difficult because of the diverse functions and indirect fleet support missions of
BOS activities. Hudak, King, and Rhodes (1982), who addressed this problem as it applies
to naval stations (NAVSTAs) and naval air stations (NASs), demonstrated that the
manpower requirements of these major BOS installations could be related to the demand
for services imposed by both the resident forces and the shore-based "tenant" population.
This effort extends the analysis of the previous effort to cover the BOS manpower that
supports the Navy's training activities. The need for such a forecasting methodology has
been confirmed by the Deputy Chief of Naval Operations (Manpower, Personnel, and
Training (DCNO(MPT)) and the Chief of Naval Education and Training (CNET)(Code N-61).

Objective

The immediate goal of this effort was to develop methods of forecasting the BOS
manpower required to support major training activities. The forecasting methodology had
to be formulated such that it could substantiate the need for BOS training manpower
authorizations based on programmed force levels. BOS training manpower requirements
are one step removed from force levels in the sense that force levels drive the training
plan, which, in turn, drives BOS requirements. While the objective was to define and
analyze only the latter half of this serial relationship, it was imperative that the resulting
model be coupled to existing forecasting models that relate future forces to training
plans.

Background

DCNO(MPT) (OP-01) is responsible for determining the manpower requirements
needed to support projected force levels. In particular, the Total Force Programming
Division (OP-12), acting as MPT resource and assessment sponsor, is responsible for
programming required resources; and the Program Development and Coordination Branch
(OP-120), for determining the requirements for various types of training (recruit,
specialized, officer acquisition, professional development, and flight). OP-120 recom-
mendations on manpower requirements are included in the Program Objectives Memo-
randum (POM) and strongly influence the formulation of the Navy's budget requests.
Ultimately, this process results in the end strength authorizations approved by Congress,




During the course of the PPBS process, OP-120 periodically receives input and feasibility
analysis from CNET and the Chief of Naval Technical Training (CNTECHTRA).

OP-120 currently uses the skill accession training (SKAT) model to develop training-
related requirements based upon projected force levels and authorized accession levels.
Output from SKAT is input to the training resource model (TRM), which computes the
costs associated with the training requirements. Although TRM estimates the costs
associated with indirect support (including BOS), these estimates are based upon the last
observable aggregate (across all activities) student workload-to-support ratio and do not
reflect the impact of workload changes over time,

OP-120 also provides the necessary data for the Navy input to the military manpower Y
training report (MMTR), an annual submission of the Secretary of Defense to Congress.
The FY 1980 MMTR (p. IX-9) acknowledged that the military services are not able to
! track "training-attributable" indirect support in their accounting systems as these systems
| do not adequately distinquish training from nontraining activities at major training
installations.

The Navy has begun to address the problem of separating "mission" resources from
support resources in recent years. Beginning in FY 1978, the Office of the Navy
Comptroller (NAVCOMPT) has gradually changed the Navy's program elements (PEs) so
that BOS manpower and fiscal resources could be separately identified in the Navy cost
information system (NCIS). This has been done by creating and applying the activity/sub-
activity group nomenclature, a more general informational structure that accounts for
resources functionally throughout the Navy.!

I APPROACH

Scope of the Model

Table 1 shows the Navy PEs containing BOS-training manpower and their FY 1981
Navy end strengths, as shown in the NCIS data base.? The end strengths, which
constitute the manpower pool to be modelled, are those needed to support training
activities at naval training centers (NTCs), fleet training centers (FLETRACENSs), naval
technical training centers (NAVTECHTRACENS), naval air technical training centers
(NATTCs), naval air training stations, personnel support activities (PERSUPPACTSs), naval
administration commands (NAVADMINCOMs), and miscellaneous activities supporting
individual schools.® The BOS manpower at a given training complex may reside under the

!CNO memorandum POM 84-13, ser. 901/327153 of 14 January 1982; subj: Data
entry requirements for POM-84,

2Because of the large number of tables in this section relative to the amount of text,
the tables are placed at the end of the section, commencing on page 7.

3While the objective was to model all of the manpower included in the program
elements listed in Table 1, the BOS manpower at five activities, amounting to a combined
total FY81 end strength of 50, was excluded because of missing or misleading data. These
five activities were (1) the Diving and Salvage School, Washington, DC, which moved to
Panama City, Florida, (2) the NTC at Bainbridge, MD., which closed, (3) the submarine
complex at Bangor, Washington, which is under development, (4) the BOS at Port
Hueneme, California, which is provided by a nontraining host, and (5) the Nuclear Power
Training Unit in Windsor, Connecticut, which had no workload data and insignificant
manpower,
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command of several individual supporting activities. Existing information systems do not
accurately track over time either the manpower or the workload at each activity, partly
because of the recent changes in the accounting system alluded to previously. For
modelling pu-poses, it was decided to aggregate these supporting activities by location.
This approach is consistent with the level of detail required by OP-120/CNET.

Conceptual Model

Generalizing from the earlier analysis (Hudak et al., 1982) it was believed that the
BOS training manpower should be functionally related to training workload, facility size,
and population supported. Indicators for these three factors were collected and
aggregated, where necessary, by geographic location. Since facility size is generally
constant at a particular location, it was expected to drive that portion of the BOS
requirement associated with operating the complex independent of mission (i.e., training)
requirements. The student workload indicators and, to a lesser degree, the tenant
population represent the dynamic variables that, in turn, are conceptually related to force
levels.

A key measure of training load is the student workload, as defined in accordance with
CNET and DoD standards in the FY8! MMTR (Appendix A). This is calculated at the
course-activity level from the planned number of graduates, course lengths, and attrition
patterns, and approximates the average-on-board. In addition to support of Navy military
personnel, the BOS workload at Navy training complexes is generated by other service
personnel, civilians, and foreign personnel. (The student workload measure includes these
non-Navy personnel.) Furthermore, it is used by CNET and OP-01 for programming
purposes and for reporting to Congress in the MMTR. Other measures of student activity,
such as the number of courses available, total course days, maximum capacity, etc., were
collected and considered in the statistical analysis as additional or alternative drivers of
BOS requirements.

Since Hudak et al. found that public work centers (PWCs) contributed significantly in
supplying BOS services, their contributions were considered in evaluating the BOS training
manpower in areas where PWCs are located (i.e., San Diego, Great Lakes, Pensacola,
Norfolk, Pearl Harbor, and San Francisco). Another concern was the presence of
nontraining providers of BOS services at certain locations. Because it was not known how
much support *hese nontraining hosts provide to training activities, it was conceptually
difficult to match manpower to workload. Fortunately, it appears that this problem was
solved by separating BOS end strength into the real property maintenance (RPMA) and
other base services components (discussed on page 20).

Data Collection

The Navy facilities assets data base (NFADB) provided information on facility size
and age. While the NFADB contains information on property as well as on Navy-owned
buildings or structures, Hudak et al. (1982) found that the square footage of building space
represents the best measure of overall facility size, Each NFADB building record
contains a data element, called the RPMA UIC, which is the unit identification code (UIC)
of the activity responsible for providing (either directly or by purchasing services from
PWC or private contractors) the real property and maintenance (RPMA) services. All
records that have, as their RPMA UIC, a BOS host that supported a training activity were
extracted from the NFADB. Total building space was found by summing over all such
records at a given location. Other NFADB data elements were used to identify the parts
of total building area considered to be "inadequate" or "substandard." In addition, the




amount of building area used for unaccompanied personnel or family housing was
calculated. It was felt that a greater share of housing space or inadequate facilities
might be indicative of a greater BOS workload.

Historical workload data were collected from two CNET sources--the Navy inte-
grated training resources administration system (NITRAS), which contains the workload
data for recruit and specialized training; and the cost accounting system maintained by N-
62, which contains the necessary information for professional development, officer
acquisition, and flight training. Both sources provided the data by student UIC, which was
then matched by location to the BOS end strength from the NCIS.

To avoid possible inconsistencies resulting from using two separate information
systems, the information previously prepared as part of the Navy's submissions to the
annual MMTR was selected as a preferred source. This set of data represents the planned
workload by location for Navy installations; in instances where comparisons were possible,
these data showed a strong correlation (.98) with the actual workload reported in NITRAS.
Moreover, the MMTR data were available over the entire FY 1978-FY 1981 period of
interest, whereas NITRAS data were available only since FY 1979.

In addition to workload data, NITRAS is also the source for other course-related
information, such as number of courses, convening frequencies, and maximum capacity for
each course by training activity. These indicators were studied with respect to their
influence on BOS requirements. Also, the PWC survey previously conducted by MATH-
TECH with the cooperation of the Naval Facilities Engineering Command (NAVFAC) was
used to determine the PWC support received at the major training complexes (see Hudak
et al., 1982, p. 8).

CNET also provided the host-tenant lists necessary for combining the BOS end-
strength and workload data into a comprehensive data base organized by location. This
list was modified in several respects. Some training activities that are tenants of
nontraining hosts (e.g., the Navy Manpower Training Detachment (NAMTRADET),
Lemoore, a tenant of NAS, Lemoore) were dropped since they have no identifiable BOS
manpower within the scope of the model. However, in other instances, training activities
were tenants of nontraining hosts but contained their own BOS manpower. For example,
the BOS activity in support of the Naval Amphibious School (NAVPHIBSCOL) activity at
Little Creek is considered to be a tenant of the Naval Amphibious Base (NAVPHIBASE).
This type of BOS-training activity was considered to be the host for purposes of the
model. As mentioned earlier, these locations were of concern because it was not possible
to account for BOS support received from the nontraining host (i.e., NAVPHIBASE).

In addition, it was discovered that, in a number of instances, the mission end strength
associated with a training host was omitted from the host-tenant lists. For example, the
Naval Education and Training Center (NETC), Newport, has three distinct UICs: 62661,
which provides the BOS-training manpower, and 42115 and 42130, which include direct
training support. The latter two UICs were not included in the CNET lists; even though
they should have been considered as tenants to the BOS "host" 62661. A geographic
location variable that was available in the NCIS data base aided in the tenant compilation
process. Also, a host-tenant list included in CNO's Domestic Base Factors Report (1982)
was used as a cross check in assembling the final host-tenant list. This list was merged
with the NCIS data, resulting in the tenant population variable. Students were excluded
from the tenant population data because their impact was already accounted for via
student workload measures.

e e
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Data Preparation

The BOS-training manpower to be modelled was assembled and organized by location
from the FY 1981 NCIS tape. The resulting data set, which covers FY 1978-FY 1981, is
shown in Table 2. During the time frame of interest, the NCIS reflected shifts of
manpower among activities of a single complex, thereby showing meaningless
relationships at the activity level. For example, for the Orlando complex, personnel have
been shifted in the accounting system from the NTC to NAVADMINCOM and
PERSUPPACT. Thus, it is the location total that is meaningful, not the activity detail.
In fact, since the NTCs contained "mission" related personnel in addition to BOS prior to
FY78, it was not meaningful to extend the data base before that year. The
activity/subactivity group detail for FY81 proved useful in that it provided a mechanism
for separating the RPMA support from other BOS functions. This led to the two-equation
model, which is discussed on page 20.

The actual data that emerged in the eventual model are documented here for review
and reference. Table 3 presents the final host-tenant list by location; Table 4, student
workload and tenant population end strengths by location; and Table 5, facility size and
age data by location.

Analysis

The final data base consists of 108 observations for 27 locations (one observation for
years FY78-81). The most general multivariate linear model for this type of cross-
sectional data is of the form: -

N .
BOSMPit T E <bkit & int)+ €it»
k=1
where i=1,2,..27 represents the location index,
t=1,2,3,4 represents the year index, and .
xl, x2’ - XN corresponds to the set of independent variables.

In this notation, BOSMPit represents the BOS end strength at location i in year t, int
corresponds to the value of Xk for that location and year, and €4 is the random error

term associated with location i and time t. The standard assumptions concerning the e.,'s

are that they have (1) an expected value of zero, (2) a multivariate normal distribution
and are independent of each other, and (3) the same constant variance. The model is said
to be heteroscedastic if the constant variance assumption is not valid and autocorrelated
if the errors are not mutually independent. Some statistical properties of.the least-
squares parameter estimates are weakened in the presence of heteroscedasticity or
autocorrelation. While the estimates are still unbiased, they no longer have minimum
variance (within the class of unbiased estimates). Under these conditions, ordinary least
squares underestimates the standard error of the estimate. :

These considerations are less relevant in view of the goal of using this model at an
aggregate, rather than at a location-specific, level. Undoubtedly, the BOS requirements
are influenced by location-specific factors (size of retiree population, proximity to
medical facilities, climate, etc.), which are beyond the scope of this effort. Compensat-
ing for these factors by allowing each location to have its own intercépt dampens the
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overall influence of the independent variable and is intuitively unappealing for an
aggregate model. Conceptually, the problem created by the diversity in size and function
of the training complexes is addressed by considering dummy variables for each type of
training. In this way, for example, the differences between the BOS requirements for air
stations resulting from the presence of flight operations and the requirements for smaller
specialized training installations can be accommodated. For reference, the locations are
categorized by type of training in Table 6.

Because the BOS-training manpower requirements should not inherently vary in a
systematic way with time, the conceptual model should not call for year-dependent
estimates of parameters. As the results will show, the data substantiates the time
independence of the model.

These considerations reduce the general model to the simple form:
N

BOSMP, = z ;
=2t Bi + Xieie

i=1

Although this representation is linear in terms of the coefficients, the X 1S may in fact be
nonlinear transformations of the independent variables.

Table 7 shows the variables that were calculated at each complex to represent the
three factors contributing to BOS manpower requirements: (1) facility size and age, (2)
student load, and (3) tenant population supported. The overall strategy was to obtain the
combination of variables from Table 7 that is conceptually, as well as statistically, a valid
"driver" of BOS requirements. It is especially important to separate the nearly constant
requirement generated by the size of the training complex from that portion of BOS
requirements driven by the student and other tenant populations. As the final results
show, this consideration led to the breakdown of BOS requirements into two components
that are modelled separately.
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Table 1

FY81 BOS End Strength for Training Program Elements (PEs)

FY 81 End Strengths

PE Title Officer Enlisted Civilian Total
s 85794N Real property maintenance--
training support installa-
tions 51 341 2310 2702
85795N Base communications--
' training 7 123 59 189
85796N Base operations--
training 551 5616 4211 10378
85894N Real property maintenance--
i service academy 0] 0 460 460
85896N Base operations--
service academy 23 42 338 403
TOTAL 632 6122 7378 14132
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Table 2

BOS End Strength by Location and UIC Title

T ——

Location uicC UIC Title FY78 FY79 FY80 FY8i
Annapolis, MD B0016100 USNA Annapolis MD 0 0 0 23
B3328400 NAVSTA Annapolis MD/BCT 8 7 6 0
B3328500 USNA Annapolis MD/BCT i 0 { 0
B4208200 USNA Annapolis MN/Base OPS 78 744 736 720
B4253400 USNA Laundry SVC 92 86 89 78
B6222600 NAVSTA Annapolis MD 0 0 0 6
B6661500 CBU 403 29 39 42 43
Total 914 876 874 870
Athens, GA B6274100 NAVSCSCOL Athens GA 87 70 60 66
Chase Fld, TX B3327500 NAS Chase Field TX/BCT 4 13 4 0
B6037600 NAS Chase Field Texas 509 514 514 493
Total 523 527 525 493
Charfeston, SC B6260300 FLETRACEN Charfieston SC 14 23 17 13
B6332200 FLEBALMISUBTRACEN Chstn SC 24 28 30 27
Total 38 51 47 40
Corpus Christi, B0021600 NAS Corpus Christi Tex 1026 958 1150 936
TX B3327600 NAS Corpus Christi TX/BCT 42 4l 38 13
B6662900 CBU 407 47 57 56 54
B6861200 PERSUPPACT Corpus Christi 0 0 0 244
Total 1115 105 (246 1247
Dam Neck, VA B0028100 FAAWTRACEN VA Beach VA 426 297 323 326
B4314800 NAVGMSCOL Dam Neck VA/BOS 0 0 34 5
B6461900 NAVGMSCOL Dam Neck VA 0 0 0 24
Total 42¢ 297 357 355
Great Lakes, B0012800 NAVADMINCOM NTC Great Lakes 538 535 780 792
iL B0021000 NTC Great LakesiLL 430 368 42 6l
B0O580A00 NAVSERVSCOLCOM Great Lks {ii 0 0 0 48
B4210600 NTC Great Lakes/BCT | | i 1
B6617600 TRANSITPERSU ADCM Great Lks 70 81 64 59
B6644600 CBU 401 PWC NTC Great Lakes 32 35 34 36
B6859800 PERSUPPACT Great Lakes 0 0 258 328
Total 1071 1020 1179 1325
Guifport, MS B4326200 NAVCONSTRACEN Guifport/BOS 0 0 2§ 0
B6597100 NAVCONSTRACEN Gulfport MS 0 0 0 12
Total 0 0 21 12
Idaho Falls, B4314700 NUCPWRTRAU-ROS 0 i6 6 0
() B6298500 NAVNUPWRTRAU idaho Falis Idaho 0 0 0 5
R6519800 NAVADMINLU Idaho Falls ldaho 42 43 36 41
Total 42 59 42 46
indian Head,
MD B6264000 NAVSCOLEOD indian Head MD 16 85 I 9
Kingsville, TX 83327900 NAS Kingsville TX/BCT 13 14 0 0
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